The dynamical motion of a FSAPDS projectile is affected due to the propellant gas force, aerodynamic, gravity along with mechanical force, and shockwave forces. In the sabot opening process, the mechanical action takes place and the sabot gets separated due to the shockwave force. In external mechanical action of sabot separation, the maximum stretch of the spring defines the end of third phase of motion. In this paper the motion of the projectile and its stability during this phase has been presented. The time delay in the sabot opening affects the stability of the projectile is discussed with the help of modified stability parameter.
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. INTRODUCTION
The motion of fin stabilised armor piercing discarding sabot (FSAPDS) is affected mainly by the forces acting during sabot discard process. Yang 1 has developed a theoretical model of the motion with three turning points and two transition periods (Fig.1 ). The first turning point is at the instant when the fixed circles of a sabot component reaches the limit stress state, and its groove teeth break at the same time due to the air dynamic force. The second turning point is at the instant when circle groove teeth of a sabot component separate from those of projectile body and their mechanical interaction vanishes also due to the air dynamic force. The moment is defined as the third turning point, when the intersect point between projectile and shock wave at the head of a sabot component moves to the projectile base, and the projectile is considered as getting from the influence region. The first phase is from the moment of the projectile leaving the gun muzzle to the first turning point. The second phase is from the first turning point to the second one. The third phase is between the second turning point and third one. The fourth phase is free flight phase of the projectile, during which the projectile gets rid of the sabot component influence.
For FSAPDS projectile, the trajectory and stability depend on different forces in different phases of the motion. The forces affecting the motion of the FSAPDS projectile are propellant gas force, aerodynamic, gravity along with mechanical force and shockwave forces. Here, the aerodynamics forces considered are: Drag force, lift force, magnus force, and pitch damping force. During the first phase 2 the gravity, aerodynamics forces along with propellant gas force affect the motion. The motion is influenced by shockwave and mechanical force during sabot opening, which was discussed in the second phase 3 . Due to mechanical as well as shockwave forces, the sabot starts separating from the projectile. The small angle 3i is developed between the sabot and the projectile (Fig. 2 ).
In the third phase, the gas flow enters between the projectile body and the sabot, pressure increases impulsively and the area of the cross section at the tip of sabot increases. At a particular instant, the area is sufficiently increased that, the sabot gets totally separated from the projectile.
Different aspects of saboted projectile study have been studied since 1957. Gallagher 4 presented an experimental design of projectile deviation from the desired aim point due to muzzle blast, sabot discard, and projectile asymmetry. Conn 5 investigated the effect of aerodynamic interference between sabots and projectiles fired from a light gas gun on conical projectile launched with a two-segment sabot. Schmist and Shear 6 investigated the trajectory disturbances originating during the discard of sabot components from gun-launched fin-stabilized projectile. The motion of the projectile and separation sabot components were measured near the muzzle with flash x-rays. Siegelman and Crimi 7 used the experimental test data generated by BRL and developed an empirically-based model of the flow field around a projectile and its sabot components during discard and concluded that the flow field model coupled with a dynamic model predicts the motion of the sabot components. Cui 8 applied a new photographic method by means of the visual light. Plostins 9 proposed the model for planer motion describing the linear and angular motions of a KE penetrator during the sabot discard. The model in nonlinear least square fit was, then, suggested, and used transitional ballistics data. The magnitude, direction, and duration of the sabot discard disturbances are then extracted. Yang, 10 et al. studied the asymmetry in the sabot discard process of APFSDS using numerical simulation experiment. A CFD study of the aerodynamic of a sabot separating from a gunlaunched projectile was reported by Lesage and Row 11 . Sabot discard aerodynamics was studied both numerically and experimentally by Champigny 12 only at Mach number 3.5 for various orientations and location of sabot wrt the projectile.
In the previous work, the authors studied projectile motion during phase I and phase II. In this paper, the motion in the third phase is discussed in which the stress is on shockwave pressure modelling and its effects on the sabot separation. To analyse the effect of time lag during sabot opening process, the following three cases have been considered: (i) If all the three sabots are opening simultaneously, it results in to the shockwave force whose resultant on the projectile becomes zero.
(ii) If one sabot is opening with a time lag, the time delay considered in this particular case is such that it starts opening at the instant when the mechanical action of the other two sabots is completed. Here, two sabots experience the shockwave force whereas the third sabot starts its mechanical action.
(iii) If one sabot completes its second phase, and the other two sabots start the opening process, then in this case, the projectile suffers from stability as the modified stability parameter 13 S > 2. The shock wave force is expressed as pressure acting on the cross-sectional area of each sabot. The pressure is modelled with the help of free propagating idea 14 .
SHOCKWAVE PRESSURE MODELLING
The small angle 3i is developed between the sabot and projectile, which was studied in the second phase ( Fig. 1 ). In the third phase, the air flow enters between projectile body and sabot and shockwave is developed which passes over the sabot towards the tip. where p, , u are the pressure, density, and flow velocity of gas particle, respectively; s is the entropy, f is the frictional force per unit mass of gas, q is the heat transfer rate per unit mass of gas, T is the temperature of gas, and A is the cross-sectional area.
For an isentropic gas flow, the heat transfer q and friction f are neglected, then 2 0 which gives dp
When a moving shock travels through a variable cross-sectional area, the shock itself and the flow behind it are disturbed. The shock strength and the shock front will change which generate some reflected disturbances and nonuniform flow fields behind the shock. While the reflected disturbances move in to the noununiform flow field, the re-reflected disturbances occur, some will overtake the shock and charge its strength and shape also.
In free-propagation concept, the influence of the re-reflected disturbance waves on the shockwave is neglected. Here, this concept is used to get the change in the cross-sectional area due to pressure.
For homentropic flow, some continuous pressure waves are present. In double-wave flows, there are both right traveling and left traveling waves whereas in simple wave flows, one of them is present. The equations 1 2 1
represent the right traveling waves, and left traveling waves, respectively. Hence, there are two families of waves or characteristics.
For constant cross-sectional area, the governing equations for isentropic flow become: By combining Eqns (6) and (7), one gets
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The three families represent right traveling and left traveling pressure waves and the particle paths, respectively. It means the disturbance of entropy propagates in the flow field with the velocity of gas particle.
With a variable cross-sectional area, the above equations get modified to
a u dA dx dp adu along C u a u a A dt dx ds a dp along P u dt These three families of characteristics in the flow field, that is, characteristics C + , characteristics C -and characteristics P are the particle paths where ] 1 ) 
Suffix 0 denotes the initial condition for this motion which is the same as the final condition for phase II.
. EQUATIONS OF MOTION OF PROJECTILE

Forces
The propellant gas force, aerodynamic force, and gravity force acting on the projectile 2 are similar to those in phase II. The additional forces due to the sabot opening process are discussed here
The moving shock relations are as follows: 
From the Eqns (1), (21), (22), (23), and (24), the relation between the shock Mach number and the cross-sectional area is
Model for the Shockwave Force F4
The shockwave force is obtained by assuming the shockwave pressure acting on the cross-sectional area of the sabot.
A shockwave force for each sabot component is given by 4 3 Shockwave force Pressure 
Shockwave Moment
In the phase III, the mechanical force is absent, thus the mechanical action moment is zero and shockwave force generates the corresponding moment: 
6-DOFs Equations for Projectile
In the third phase of motion, the trajectory of the projectile in 6-DOFs can be obtained with the remaining four forces except mechanical force. The force and moment equations are resolved in velocity and projectile coordinate system respectively (Fig. 4) . The scalar equations are 
The velocity in inertial frame is 2 2 cos cos x V (41) 2 2 sin cos
Equations of Motion for Sabot Components
The sabot components move relative to the projectile body. Here, the influence factor involves shock wave action along with the propellant gas force. The motion equations of each sabot component will be established in the projectile-fixed coordinate system.
The force equations of the sabot are resolved in projectile-fixed coordinate system. Different forces are: 
Moment Equations of Sabot
Above forces generate moments due to which sabots move relative to projectile. The relative moment equations of sabot component relative to projectile are:
sin ( sin cos sin sin cos ) {[ (sin cos cos sin sin ) (
) cos ][ (sin sin cos sin cos ) 
Simulation Results
Initial values of the variables t, V, x, y, z, 1 , 2 , 1 , 2 , 1, 3 , and 3 dot of this phase are the end results of phase II 2 . Interval for phase III is taken to be 0.002 to 0.003 s.
The motion has been simulated for the following data with fixed step size h=0.0001. This is given in Table 1 .
The maximum stretch of the spring is assumed to be 5.089E-05 mm. This gives the maximum cross sectional area (Table 2 ) beyond which the effect of sabot over the projectile is nullified.
In this time interval of 0.001 s, it is observed that the projectile travels a distance of 1.447 m (Fig. 5) , velocity decreases by approximate 2.1 m/s (Fig.  6) . Angle of attack 2 decreases but 1 remains constant. Angles of side slip 2 and 1 increases. Angle 3i between sabot and projectile starts increasing and it increases by 1.3985° (Fig.7) .
• The velocity of the projectile and hence the Mach number decreases for the projectile due to air resistance.
• Due to the air flow between the sabot and the projectile, it is observed that the pressure at the tip of sabot increases from 46.112 MPa to 987.2429 MPa and then starts decreasing. Area of cross section increases (Fig. 8) . The area increases till the maximum stretch of the spring due to the sabot gets totally separated from the projectile.
• The pressure beyond the tip of sabot decreases. 
STABILITY OF MOTION
The modified stability parameter has been discussed due to shockwave exerted on the projectile body. The equations for stability in projectile-fixed frame are the same as those in phase II 2 . The changed values of K i (i=1,2,3,4,5,6) modified the stability parameter 13 .
Three particular cases are discussed:
(i) If all the three sabots are opening simultaneously in the phase III, it has been observed that the modified stability parameter is s = 1.841251246.
(ii) One sabot is opening with a time lag. The time delay considered in this particular case is such that it starts opening at the instant when the mechanical action of the other two sabots is completed. In this case, the stability parameter gets modified from S = 1.841251246 to S = 1.994028368.
(iii) One sabot completes its second phase and; the other two sabots start the opening process. In this case, the stability parameter becomes S = 2.197507407 which makes projectile unstable.
CONCLUSIONS
• For a FSAPDS projectile, a mathematical model has been developed in third phase where the shockwave force acts on the projectile due to sabot separation. The trajectory has been simulated. It is observed that shockwave force in the simulation does not affect the trajectory of the projectile till the sabots are totally separated from the projectile.
• The modified stability parameter increases due to separation of the sabots but the projectile still remains in phase III. • The stability of the projectile gets affected due to separation of the sabots with time delay. The projectile may become unstable if the time delay is significant. 
